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Abstract 
Designing a low-energy building becomes a challenge for the designer who wishes to achieve solar gains from 
sunlight in the spring and winter months and reduce the risk of overheating in the summer months. This article is 
focused on creating an effective shading structure for a given low energy house in order to provide the maximum 
amount of solar energy in winter and spring months and eliminate overheating in the summer. The solution involved 
two approaches which were chosen to complement each other. The first is a model of a shading design and 
optimization model using visualization tools. The second is a graphic which processes the sun’s path and subsequent 
shade proposal for the structure. The result is an optimized shading structure for the particular low energy building 
according to predefined requirements, taking into account local conditions, building orientation, the purpose of 
building, investment and construction specifications. The achievement provides a general view into how to design 
such structures and effectively exploit the potential of solar energy simultaneously. Its use is limited to site specific 
proposals for each building. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Subject, Aim and Methods of the Work 
1.1. The building and shading structure 
General rules for designing low-energy and passive buildings [1] assume a passive use of solar energy 
in the form of heat gains through windows oriented to SE, S, and SW. To achieve the greatest profit 
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mode R1. Minimum insolation was determined for the A level 5 hours and for the level B 3 hours in 
mode R2. Optimization was conducted following the steps listed in Table 1. Optimization steps are 
shown graphically in Fig. 2a. 
For the both stageswas constructed the fictional hemisphere spherical ground plan diagram [4]of sun 
pathways for the construction site. Characteristic of this type of projection of the sky is a circle with a 
radius of the main circle according to formula (1). 
 
ݎ ൌ ଶ௥బ௦௜௡௭೚ଵା௖௢௦ ௭೚  (1) 
r - radius of main circles 
r0 - radius of the fictious hemisphere 
Z0 - sun zenith deviation 
 
It was used forsky shading drawings by the shadingstructure. The second tool was a visualization 
software. 
Table 1.Summary marking of optimization steps 
 
No. Description 
Z Original solutions; size of boards raster 50/160, perpendicular position, distance by 200 mm 
Z1 Raster boards 50/200, perpendicularposition, distanceby 200 mm 
Z2 Raster boards50/200, tilt 20 °, distance by 200 mm 
Z3 Z2 + one more raster board 
Z4 Z3 – three raster boards 
2. Results 
2.1. Stage 1 
Any shift of the sun was undesirable. Original solution "Z" admitted 21.6; 12:00 large amount of 
sunlight to the glass unit. The area is directly insolatedby 20% of the total glass area (Fig. 2b). 
The second optimization step, "Z1" has brought improvements but not achieved the requirement of full 
shadingof the glass unit. Optimization step "Z2" ensure the full requirements set out in full shading of the 
glass unit. Visualization has been proven that the dimension of 50/200 with an inclination of 20° is 
satisfactory (Fig. 2c). 
2.2. Stage 2 - Level A - Mode R1 
The basis for the solution of this task was the original solution "Z2".Results show that in 8 from 35 of 
selected days for evaluating, particularly in the months May and August to fail the criteria for defined 
maximum period of insolation.Unsatisfied positions are the A1 - A4. The positions A5 - A7 are satisfied. 
The difference between A1-A4 and A5-A7 is that the horizontal distance of the farthest point shading 
structure is 750 mm further (Fig. 1). 
 Unpleasant fact is that failing is between 14thand 17thhour of solar time. At this time it is still a high 
intensity of solar radiation. Since the house is south-western orientation and the impact of the sun is in the 
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range from 20° to 50°. Adoption of a satisfactory alternative could increase the risk of overheating of 
internal spaces. 
Since the result was not accepted the additional board was added to raster (optimization step Z3). From 
the results it is clear that there has been improvement. Nevertheless, early May and the end of August is 
the time in terms of insolation of the glass unit beyond the defined criteria. Days 1st May and 22nd august 
are not to meet defined criteria.  
2.3. Stage 2 - Level B, Mode R1 
For this level was the maximum period of insolation of the glass unit 1 hour. The condition was 
defined, because of the location considered in the mid-point of the glass unit. It was expected that more 
than 1 hour time insolation of highly placed point of the glass unit means heat load. Analysis shows that 
the defined criteria were not met in three cases. The maximum time to failure conditions is 30 minutes. 
Moreover, it is an inclined angle from a perfectly normal, more than 70°. As for Level A one more board 
was added (optimization step Z3)to a raster calculations were made for this alternative. From results it is 
clear that even this option has not brought change.This is due to end of the shading structure and a large 
side angle (Fig. 3a). The solution is in the vertical location of shading structure.However this solution, 
significantly affects the architecture of the building. 
 
2.4. Stage 2 - Level A, Mode R2 
For this level was a minimum period of insolation of the glass unit 5 hours. The aim is to obtain the 
maximum amount of heat from solar panels through a glass unit in the cold time of year. Fromresults it is 
clear that in 8from 84 cases are not met defined criteria. The worst results are in early October and end of 
April. 
 
2.5. Stage 2 - Level B, Mode R2 
For this level was a minimum insolation period of the glass unitwas stated to 3 hours. That time is not 
large but the position of the point allows the sun pass at lower elevations across the width of the adjacent 
rooms. Fromresults it is clear that in 16 from 84 cases are not met defined criteria. Particularly the worst 
fact is the zero impact of sunlight on glass unit in the months April and October in positions B5, B6 and 
partially B7. The achieved results are unsatisfied. Together for Level A and B were taken the following 
action. 
For this level was a minimum insolation period of the glass unitwas stated to 3 hours. That time is not 
large but the position of the point allows the sun pass at lower elevations across the width of the adjacent 
rooms. Fromresults it is clear that in 16 from 84 cases are not met defined criteria. Particularly the worst 
fact is the zero impact of sunlight on glass unit in the months April and October in positions B5, B6 and 
partially B7. The achieved results are unsatisfied. Together for Level A and B were taken the following 
action. 
The proposed solution implies the withdrawal two boards from Z2 (Z4 - table 1). The result has 
brought improvements and meets the criteria defined in some positions and times. Four positions of the 
level Aare still remain unsatisfied. For positions B has improved especially in positions B1 - B4, but the 
position B5, B6 and B7, especially in April and October don’t meet defined criteria.In this case it is 
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possible to recommend the withdrawal of other shading structure raster boards so that the elevation angle 
is less than 47°. This represents removal of the six panels of raster positions B5 - B7 (Fig. 3b). 
 
Fig. 3.(a) solar path for Level B, Mode R1; (b)solar path for Level B, Mode R2. 
3. Analysis of the impact of the proposed shading structure for the heating demand of the building 
The aim of this part of the work is to rationalize the use of solar energy in the form of desirable and 
undesirable solar gains through glass unit throughout the year. Therefore, an analysis of the impact of the 
proposed shading structure for the heating demand of the building is important. 
Table 2. Description of the various solutions of the proposed shading structure and impact on theheating demandand the solar gains 
for R2 
 
No. Description of designed shading structure Heating demand Solar gains for R2 
E1 without shading structure 20.1 kWh/(m2.a) 4720 kWh 
E2 Boards in horizontal distance 1.5 m from glass units 23.4 kWh/(m2.a) 4040 kWh 
E3 Z2 25.0 kWh/(m2.a) 3765 kWh 
E4 Z3 25.2 kWh/(m2.a). 3765 kWh 
In this section attention is paid to desired solar gains.For the analysis the four solutions labeled E1 - 
E4were taking into account as described in Table 2.Heating demand calculated by monthly method 
according to EN ISO 13790 using software PHPP [5] represents building heating demand for all year.  
Solar gains in the last column represent only the gains during the cold period (R2) of the year. From 
results it is clear that the removal of boards gives the largest solar gains. This fact is absolutely clear, but 
it is essential to compare with other solutions. The solution E1 is level for comparison. This solution is in 
real conditions useless, because of summer overheating. 
The design of E2 can be regarded as already restrictive.This solution leads to increasing the heating 
demand in 15%. The loss of the solar gains is most notable in the months November, December, January 
and February. Solutions Z2 and Z3 were taken into account for the comparison. The results show that the 
most important solar gains arefor November, December, January and February. In March and October 
solar gains together with internal gains fully cover the heat demand. On this basis, we can say that in 
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November, December, January and February should be zero shadingof the glass unit. In the next months 
should be gradually shading glass unit to their full shade during summer. 
4. Conclusion 
The aim of this work was to design and optimize the shading structure with aspect to solar energy and 
heating demand. The designed shading structure was optimized in two basic stages. The first stage was to 
find the optimal shape of the shading structure. The second stage was to optimize the dimensions of the 
shading structure based on defined criteria for the use of solar energy with aspect to the energy demand of 
the building. 
The first stage was 100% satisfied. The second stage did not meet all criteria. Winter criteria did not 
meet April and September requirements. However, analysis of the shading structure’s impact on the 
energy demand refers to the fact that in these months there is no need for significant solar gains. 
Therefore, it would be necessary to consider changes in criteria and shorten the heating period and extend 
the cooling period. The next conclusion is that the overhang of the shading boards in front of the glass 
unit should be variable and should be adapted to the position of the sun during the year. The inevitable 
seems to be especially zero shading during the months of November, December, January and February. 
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